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Famous Bridge

DISASTER!

The Greatest
Camera Scoop
of all time
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Purpose

* Provide Background for Scour Design
Case Study

* Discuss the Design/Build Complications
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Finished Product

'
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Tacoma Narrows Parallel Bridge
Project

Existing and New Suspension Bridge —
Main Span 2,800" over a 5,400° Main
Channel

Channel Depth 225°, 115" to 125’ at Piers
Project Cost — Exceeds $800 million
Undertaken with a Design/Build Contract
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Tacoma Narrows Bridge

 Constructors

Tacoma Narrows Constructors
(Bechtel and Kiewit Joint Venture)

* Designers

Parsons/HNTB Joint Venture
— OEA, Inc. (Max Sheppard)
— Colorado State University
— Washington State University
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Initial Design

« Gain Environmental Clearance

* Set Project Cost
— Structure Studies
— Preliminary Bridge Hydraulic Report
— Cost Estimates
— Negotiations
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Design/Build Challenges

 Time Critical — Design Concurrent with Construction
— Final Design began August 2002
— Scour Elevation Set - December 2002
— Caisson Floated - March 2003
— Planned Landing - November 2003
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Design/Build Challenges

* Scour Analysis
— Design and Review Fast Paced
— Task Force Meetings

— Scour Elevation Needed for Seismic and
Foundation Design

— Hydraulic Analysis Needed for Anchorage
System Design
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Design/Build Challenges

* Task Force Meetings

— Designers, Constructors and Reviewers meet
as the design progresses to provide input and
shorten the overall process.

— Reviewers have no surprises.
— 5 Meetings Held (One at the CSU Lab)
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Design/Build Challenges

» Basic Conclusion
— Design methods are the same
— Design is fast paced

— Reviewer integrated with the design process
through Task Force Meetings
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Scour Analysis

Bridge and Pier Configuration
Channel Bed Properties
Design Velocity

Determine Scour

— Contraction Scour

— General Scour

— Original Bed Elevation
— Local Scour (By Max)
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Project Location
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Scour Analysis

Bridge and Pier Configuration
Channel Bed Properties
Design Velocity

Determine Scour

— Contraction Scour

— General Scour

— Local Scour (By Max)
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Bed Properties
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Line 2 Profile
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Line 4 Profile
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Scour Analysis

Bridge and Pier Configuration
Channel Dimensions and Bed Properties
Design Depth and Velocity

Determine Scour

— Contraction Scour

— General Scour

— Local Scour (By Max)
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Channel Cross Sections

% X-¥Y-Z Perspective Plot
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3-D Velocity Vectors

Horizontal flou @ N100O (SU is +ve: view to NE)
Large Floow Feb 19 2000 (01:59-02:12 PST)
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Design Event

Tide Frequency Analysis — Design Height
and Maximum Rate of Change

Measured Currents vs Tide Rate of
Change

Unsteady State HEC-RAS Model
2-D RMA2 Model
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2-D Hydraulic Model
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2-D Hydraulic Model
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2-D Hydraulic Model




Tacoma Narrows Bridge
Upgrade Project

CFD Model
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Tacoma Narrows Bridge Upgrade Project
CFD Model

This is a “first of a kind” design problem
» Current-induced loads on the caisson

are large and highly variable - they
may critically affect the stability of the
structure

CFD used to support caisson mooring

analysis and anchor system design

» Rapid turnaround and high level of
confidence required
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CFD Model




CFD Model

Full Scale Flood
velocity

6.357e+00
4.768¢+00
3.179e+00
1.589%¢+00
0.000e+00



Scour Analysis

* Determine Scour
— Contraction Scour
— General Scour
— Original Bed Elevation
— Local Scour
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Preliminary Hydraulic Investigation

« Bathymetric Mapping
« 3d-Vector Current Study Feb 2000
* Tide and Current Predictors

e Used HEC-RAS and HEC-18 to Estimate
Scour Depths

— East Caisson 110’
— West Caisson 109’
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Final Hydraulic Investigation

Continuous Bathymetric Mapping
Video Channel Bottom

Tide Frequency Analysis

2-D RMA2 Model

Physical Model Study

Scour Depth
— East Caisson 68" (El-191)
— West Caisson 70" (ElI-177)
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Conclusions

* Design Build
— Work is the Same, Just Fast Paced
— Task Force Meetings with Designers, Constructors
and Reviewers Work
« Scour Analysis
— Channel Bed is Armored
— Developed Frequency Based Design Event
— Developed 2-D Hydraulic Model
— Conducted Physical Model Testing
— Reduced Expected Scour Depths by 40 feet
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Western Hydraulic Conference
April 2003

 Bonus Photos
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scour depth/pier width
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Scour Task Force

Included Ultimate Project Reviewer,
Designer and Construction personnel.

5 Meeting
. Project Orientation

. Physical Model Design and General Analysis
Procedures

. Physical Model Testing and Agreement on
Procedures

. Initial Data Analysis and Peer Review Meeting
. Initial Draft Report Comment Review
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May 2000 Data Collection
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